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widespread	 disagreement	 about	 almost	 every	 aspect	 of	 the	 definition	 and	23	
implementation	 of	 the	 “species”	 label.	 While	 this	 debate	 is	 intellectually	24	
stimulating,	 it	also	has	real	 implications	 for	conservation,	where	 its	 impacts	on	25	
taxonomic	inflation	or	inertia	can	mean	that	specific	populations	receive	adequate	26	
conservation	 measures	 or	 are	 ignored.	 Recently,	 the	 rise	 of	 next	 generation	27	
sequencing	and	phylogenomics	has	revolutionised	phylogenetic	understanding	of	28	
many	 organismal	 groups	 but	 has	 simultaneously	 highlighted	 the	 porosity	 of	29	
genomes	in	terms	of	admixture	across	previously	delineated	species	barriers.	The	30	
extraordinary	 power	 of	 genomic	 data	 is	 increasingly	 being	 used	 to	 delineate	31	
species,	and	several	publications	in	this	domain	have	recently	attracted	significant	32	
attention	and	criticism.	Here	we	revisit	the	question	of	species	delimitation,	but	33	
from	 a	 genomic	 context.	We	 ask	 how	 and	 whether	 the	 large	 amounts	 of	 data	34	
provided	 by	 genomic	methods	 can	 resolve	 the	 longstanding	 discussion	 on	 the	35	
validity	and	application	of	phylogenetic	and	allied	species	concepts,	and	how	some	36	
recent	 examples	 can	 inform	 this	 debate.	We	 argue	 that	 conserving	 adaptive	37	
potential	 is	a	priority	 for	conservation,	and	no	single	species	concept	currently	38	

















evolutionary	 biologists	 have	 classified	 populations	 as	 the	 same	 species	 unless	55	
strong	 evidence	 to	 the	 contrary	 exists,	 e.g.	 reproductive	 incompatibility	 or	56	
reciprocal	monophyly	(with	the	archaic	term	‘lumpers’;	Heller	et	al.,	2013).	The	57	





genealogies	 will	 be	 concordant”	 (emphasis	 ours;	 Baum	 and	 Shaw,	 1995).	 This	63	
concept	has	been	criticized	for	its	stringent	nature,	as	it,	for	example	conflicts	with	64	
the	observed	incomplete	lineage	sorting	and	admixture	between	the	genomes	of	65	


















inertia’	 is	 actually	 more	 detrimental	 to	 conservation,	 highlighting	 the	 case	 of	84	
African	 ungulates.	 They	 argue	 that	 the	 history	 of	 African	 ungulate	 taxonomic	85	
classification	 has	 been	 dominated	 by	 ‘lumpers’	 who,	 when	 faced	with	 difficult	86	
taxonomic	decisions,	have	avoided	the	situation	by	assigning	a	large	number	of	87	





a	 positive	 effect	 on	 conservation.	 Morrison	 et	 al.,	 (2009)	 identify	 numerous	93	
situations	where	a	change	in	taxonomy	has	led	to	increased	conservation	efforts.	94	
One	 representative	 example	 is	 the	California	 gnatcatcher,	Polioptila	 californica.	95	
Morrison	 et	 al.,	 (2009)	 highlight	 the	 increase	 in	 conservation	 funding	 (better	96	
habitat	 protection	 and	 monitoring	 programs)	 that	 this	 species	 received	 after	97	
recognition	of	its	species	status.	However,	a	change	in	protection	(conservation)	98	





that	 conservation	 resources	 are	 finite	 (although	 not	 necessarily	 constant),	 and	103	
that	resources	allocated	to	one	species	do	not	necessarily	benefit	others.	This	is	104	
the	‘Agony	of	choice’	argument	(Isaac,	Mallet	and	Mace,	2004),	which	refers	to	the	105	
greater	 challenge	 of	 assigning	 limited	 conservation	 resources	 between	 higher	106	
numbers	of	taxa.	Gippoliti	et	al.,	(2017)	also	state	that	there	is	“no	evidence	for	107	




on	 each	 taxonomic	 group.	 In	 an	 ideal	 scenario,	 all	 units	 of	 diversity	would	 be	112	






one	 klipspringer	 species,	 Oreotragus	 oreotragus,	 commonly	 recognised	 (e.g.	119	
Kingdon,	 2013).	 In	 conservation	 (specifically	 in	 the	 IUCN	 context),	 a	 particular	120	
machinery	comes	into	play	when	a	new	species	becomes	known,	including	making	121	
species	 status	assessments,	 a	 species	 survival	plan	 including	 in	 situ	 and	ex	 situ	122	
measures	 (if	 deemed	necessary	 for	 the	 species).	 All	 of	 these	 obviously	 require	123	
resources,	 and	 this	 is	 before	 even	 expending	 resources	 on	 the	 actual,	 practical	124	
conservation	measures	for	the	species.	125	
	126	
Another	 argument	 for	 why	 over-splitting	 may	 be	 detrimental	 for	 particular	127	
taxonomic	groups,	Frankham	et	al.,	(2012)	focused	on	three	widely	used	species	128	
concepts:	 the	 Biological	 (Mayr	 1942,	 1963),	 the	 Evolutionary	 (ESC;	 Simpson,	129	
1951,	1961;	Wiley,	1978)	and	Phylogenetic	(Eldredge	and	Cracraft,	1980;	Cracraft,	130	
1997)	 Species	 Concepts.	 Frankham	 et	 al.,	 (2012)	 emphasised	 the	 point	 that	131	








implications	 of	 the	 species	 concept	 used,	 and	 not	 an	 assessment	 of	 which	 is	140	
“correct”.		141	
	142	
It	seems	clear	 that	both	“taxonomic	 inflation”	and	“taxonomic	 inertia”	could	be	143	













“WHICH	 SPECIES	 CONCEPT	 BEST	 CONSERVES	 ADAPTIVE	 POTENTIAL?”).	 This	156	



















population-level	 lineages”	 (De	 Queiroz	 1998;	 De	 Queiroz	 1999),	 or	 groups	 of	176	






In	 an	 attempt	 to	 make	 the	 definition	 of	 species	 less	 arbitrary,	 increasingly	183	
sophisticated	methods	have	been	produced	to	delineate	species.	Developments	in	184	
coalescent	 theory	 has	 allowed	 for	 the	 investigation	 of	 lineage	 diversification	185	
(Yang,	2015).	Other	methods	 for	molecular	species	 identification	 include	Bayes	186	
factor-based	species	delimitation	(Grummer	et	al.	2014).	These	methods,	based	187	
on	 different	 criteria/theories,	 test	 species	 boundaries	 in	 a	 comparative	 way	188	
















































































































camelopardelis),	 and	 analysed	 nuclear	 and	 mitochondrial	 sequences	 from	 105	214	
individuals	from	all	currently	recognized	subspecies.	In	identifying	four	distinct	215	






six	 distinct	 clusters	 (Brown	et	 al.,	 2007),	without	 designating	 these	 clusters	 to	221	
species.	Therefore,	both	studies	were	based	on	a	relatively	small	number	of	loci	222	
that	 showed	 varying	 genetic	 structure	 but	 reached	 different	 conclusions.	 This	223	
could	be	explained	by	variation	among	loci	with	different	realisations	of	stochastic	224	
lineage	sorting,	an	effect	that	while	still	possible	for	large	numbers	of	loci,	is	more	225	
likely	 to	 be	 observed	 in	 studies	 using	 relatively	 few	 (Orozco-terWengel	 et	 al.,	226	














al.,	 (2017)	 argued	 that	 “Compared	 to	 microsatellite	 data,	 DNA	 sequences	 allow	241	
estimating	divergence	times”.	Fennessey	et	al.,	(2016),	however,	did	not	estimate	242	
population	divergence	times,	only	sequence	divergence	times,	which,	incidentally,	243	







selection…	 Phenotypic	 traits	 regulate	 mating	 patterns	 and	 sexual	 selection	 that	251	
establish	a	foundation	for	the	recognition	species	concept’”.		252	
	253	
Ultimately,	 Fennessey	et	 al.,	 (2016)	used	 limited	 genetic	 data	 to	detect	 genetic	254	
structure	and	sequence	divergence	criteria,	which	were	then	equated	with	species	255	
divergence	by	applying	 the	PSC.	However,	 the	process	of	 lineage	sorting	under	256	










They	 concluded	 that	 the	 Batang	 Toru	 population	 was	 sufficiently	 distinct	 to	267	
warrant	being	named	a	new	species.	This	conclusion	was	based	on	morphometric,	268	
behavioural	 and	 genomic	 evidence	 from	 33-37	 individuals	 (the	morphological	269	
	 7	
analysis	 could	 only	 use	 a	 single	 Batang	 Toru	 specimen).	 Using	 Approximate	270	
Bayesian	 Computation	 modelling	 of	 demography,	 it	 was	 estimated	 that	 the	271	
northern	Sumatra	population	split	from	the	older	Batang	Toru	~3.4	million	years	272	







The	morphological	 evidence	 which	 led	 to	 the	 conclusion	 of	 a	 new	 orang-utan	280	





in	 the	 past.	 Based	 on	 genomics,	 the	 authors	were	 able	 to	 show	 that	 these	 two	286	
orangutan	 populations	 had	 fixed	 heritable	 differences	 with	 an	 estimated	287	
termination	of	gene-flow	from/to	the	proposed	new	species	10	–	20	kya.	Yet,	Nater	288	
et	al.	(2017)	did	not	assess	if	these	SNPs	were	associated	with	adaptive	differences	289	
between	 the	populations.	 	Thus,	although	Nater	et	al.	 (2017)	used	genomics	 to	290	
enhance	their	power	to	apply	the	PSC	with	greater	resolution,	they	did	not	use	it	291	
to	attempt	 to	understand	 the	 speciation	process	 in	any	mechanistic	 sense.	The	292	
conclusions	reached	by	Nater	et	al.,	 (2017)	has	not	been	accepted	by	all	 in	 the	293	
scientific	 community,	 particularly	 by	 proponents	 of	 the	 BSC	 (e.g	294	
https://whyevolutionistrue.wordpress.com/2017/11/03/a-new-species-of-295	
orangutan-i-doubt-it/).	Nater	et	al.,	(2017)	pointed	out	that	determining	if	these	296	
populations	 are	 reproductively	 isolated	 or	 not	 is	 not	 possible,	 due	 to	 their	297	
allopatric	distribution.	One	potential	 solution	 that	was	not	used	by	Nater	et	 al.	298	
(2017)	is	the	Tobias	criteria	(Tobias	et	al.	2010).	This	uses	sympatric	species	pairs	299	
to	set	 thresholds	 for	delineating	allopatric	 taxa.	 It	seems	 likely	 that	despite	 the	300	
large	 number	 of	 features	 investigated,	 and	 analytical	 methods	 applied,	 this	301	
approach	will	still	fall	short	of	the	expectations	of	many	proponents	of	the	BSC.		302	
	303	
In	 short,	 the	 orang-utan	 paper	 represents	 a	 case	 in	which	 a	 large	 panel	 of	 the	304	
genomic	tools	available	have	been	applied	to	address	the	question	of	population	305	
divergence.	While	presumably	adding	detailed	 information	about	 the	historical	306	
processes,	 it	 does	 not	 attempt	 to	 analyse	 adaptive	 differences,	 nor	 to	 answer	307	




Zhou	 et	 al.,	 (2018)	 investigated	 speciation	 in	 finless	 porpoises,	 which	 have	312	




of	 directional	 selection.	 	 They	 also	 estimated	 divergence	 of	 the	 Yangtze	 River	317	
population	at	5,000	–	40,000	years	ago.	These	findings	led	them	to	conclude	that	318	
	 8	
“significant	 population	 differentiation,	 lack	 of	 gene	 flow,	 and	 unique	 adaptive	319	




The	 main	 aspect	 that	 differentiates	 the	 porpoise	 case	 study	 from	 that	 of	 the	324	
orangutan	 is	 the	 term	 “unique	 adaptive	 divergence”.	 By	 identifying	 selection	325	
signatures	in	several	candidate	genes	that	are	the	result	of	diversifying	selection	326	
to	 two	 different	 ecosystems,	 Zhou	 et	 al.,	 (2018)	 found	 plausible	 mechanistic	327	
evidence	for	an	instance	of	incipient	speciation.	Whilst	the	orang-utan	study	by	328	
Nater	et	 al.,	 (2017)	 showed	phenotypic	 differences	 between	 the	 two	proposed	329	
species,	 no	 evidence	 was	 presented	 to	 demonstrate	 that	 this	 divergence	 was	330	
adaptive,	and	therefore	driving	speciation.	This	highlights	the	issue	that,	although	331	
genomic	methods	 for	 identifying	selection	 in	natural	populations	has	advanced	332	




Lamichhaney	 et	 al.,	 (2017)	 documented	 a	 remarkable	 example	 of	 hybrid	337	
speciation	 	 from	 its	 origin	 to	 reproductive	 isolation	 in	 a	 hybrid	 between	 two	338	
Darwin’s	finch	species	(Geospiza	fortis	and	G.	conirostris).	This	hybrid	lineage	was	339	
shown	 to	 breed	 endogamously	 from	 the	 second	 generation	 onwards,	 with	340	
transgressive	segregation	of	bill	morphology,	a	 trait	 that	 is	known	 to	be	under	341	
strong	 selective	 pressure	 in	 these	 species.	 This	 study	 demonstrates	 that	342	
reproductive	 isolation	 can	 occur	 rapidly,	 in	 as	 little	 as	 three	 generations.	 This	343	




These	 species	 exist	 in	 sympatry,	 and	 were	 observed	 to	 stop	 interbreeding,	 a	348	
situation	clearly	fulfilling	the	criteria	of	distinct	species	under	the	BSC.	However,	349	
Hill	and	Zink	(2018)	firstly	notes	that	three	to	four	generations	may	not	be	enough	350	
time	 to	 determine	 if	 the	 new	 lineage	 is	 ephemeral	 or	 not,	 and	 secondly	 that	351	
phenotypic	 differences	 observed	 may	 be	 highly	 plastic.	 The	 conclusions	 of	352	
Lamichhaney	et	al.,	(2017)	are	strengthened	by	the	fact	that	they	also	investigated	353	
the	 genetic	 basis	 for	 bill	 dimension,	 a	morphological	 trait	 that	 is	 implicated	 in	354	


















quantify	 and	understand	 the	 relevance	 of	 these	 instances	 (even	when	we	only	372	
have	low	coverage	data	or	few	individuals,	Schaefer	et	al.,	2017).	373	
	374	
Genomic	 and	 other	 data	 increasingly	 show	 that	 these	 hybridization	 and	375	
introgression	events	can	no	longer	be	classed	as	a	rare	or	insignificant:	they	are	376	
now	being	recognised	as	both	common	and	important	evolutionary	mechanisms,	377	






Hybridization	 is	 ubiquitous	 in	 nature.	 Sixteen	 percent	 of	 bird	 species	384	
(Ottenburghs	et	al.	2015),	6%	of	European	mammals	and	at	least	25%	of	vascular	385	
plants	(Mallet	2005)	are	thought	to	hybridise.	Ravinet	et	al.,	(2018)	investigated	386	













to	 be	 different	 species?	 Does	 it	make	 a	 difference	 if	 such	 hybridization	 is	 sex-400	






Due	 to	 the	 increasing	 recognition	 of	 the	 pervasiveness	 of	 hybridization	 and	407	
introgression	 among	 recognised	 species,	 they	 are	 becoming	 important	408	
phenomena	 to	 consider	 when	 making	 taxonomic	 decisions.	 The	 idea	 that	409	
hybridization	may	play	an	important	role	in	evolution	was	initially	explored	by	410	
botanists	and	appears	to	be	particularly	important	for	plants,	with	approximately	411	
10%	of	 plant	 species	 thought	 to	 hybridize	 (Yakimowski	 and	Rieseberg,	 2014).	412	
Hybridization	 is	 also	 particularly	 common	 in	 invasive	 species	 (Ellstrand	 and	413	
Schierenbeck,	2000),	likely	due	to	hybridization	allowing	adaptive	introgression	414	
of	 beneficial	 traits	 between	 the	 taxa	 (Martin,	 Bouck	 and	 Arnold,	 2005,	 2006).	415	
	 10	
However,	widespread	 hybridization	 is	 not	 limited	 to	 plants	 and	 has	 played	 an	416	
important	 role	 in	 the	 adaptive	 radiation	 of	 e.g.	 Heliconius	 butterflies	417	
(Dasmahapatra	 et	 al.,	 2012).	 These	 butterflies	 are	 of	 particular	 interest	 in	418	
speciation	 research	 because	 of	 their	 huge	 diversity,	 with	 varying	 rates	 of	419	
hybridization	 (Van	 Belleghem	 et	 al.,	 2017).	 Their	 genomes	 contain	 what	 has	420	
become	known	as	“genomic	islands	of	divergence”	(Nadeau	et	al.,	2012).	Originally	421	
identified	in	Anopheles	mosquitos	(Turner,	Hahn	and	Nuzhdin,	2005),	the	origin	422	















and	 species	 designation	 in	 these	 taxa.	 It	 seems	 fair	 to	 assume	 that	 if	 the	438	
observational	data	were	available,	this	situation	would	be	representative	for	most	439	
taxa	with	complex	mating	behaviour.	However,	this	is	in	stark	contrast	to	many	440	
other	 taxonomic	 groups,	 which	 can	 take	 far	 longer	 to	 develop	 reproductive	441	




and	 unidirectional,	 consistent	 with	 a	 situation	 of	 multiple	 genetic	446	
incompatibilities	throughout	the	genome,	suggesting	that	genetic	incompatibility	447	






As	 we	 can	 see	 from	 the	 stickleback	 example	 above	 (Ravinet	 et	 al.,	 2018),	 the	454	
phenomenon	 is	 not	 limited	 to	 invertebrates.	 In	 fact,	 whole	 genome	 data	 are	455	
detecting	instances	of	introgression	in	many	species	and	in	unprecedented	detail.	456	
For	example,	most	non-African	humans	have	1-2%	Neanderthal	ancestry	(Green	457	








These	 observations	 complicate	 the	matter	 of	 species	 delineation,	 because	 they	465	
suggest	that	complete	reproductive	isolation	can	be	withheld	for	extremely	long	466	
periods	of	time	in	some	taxa	(in	the	case	of	Ciona,	for	greater	than	three	million	467	
years	 of	 divergence	 in	 isolation).	 It	 could	 be	 argued	 that	 this	 is	 just	 the	 BSC	468	
impartially	reflecting	the	variable	speciation	rates	that	occur	in	nature,	however	469	
some	 taxonomists	 (e.g.	with	well-known	mammalian	 groups)	 clearly	 find	 such	470	


















that	 is	 testable,	 as	 a	 scientific	 proposition	 should	 be.”	 However,	 it	 might	 be	489	










2015),	 and	 genetic	 structure	 substantially	 increased	 over	 only	 eleven	 years	500	
(approx.	five	generations)	in	Coachella	Valley	fringe-toed	lizards	(Uma	inornata;	501	
Vandergast	et	al.,	2016).	These	examples	are	not	 intended	 to	demonstrate	 that	502	
speciation	 does	 not	 occur	 over	 short	 time	 periods,	 but	 simply	 that	 genetic	503	
divergence	and	population	structure	may	be	highly	transient,	which	many	people	504	
would	argue	should	not	be	 the	case	 for	 speciation.	Genomics	allows	 for	a	huge	505	
increase	in	the	power	to	detect	population	structure	because	of	the	much	larger	506	
number	of	loci	available.	This	has	the	effect	of	enabling	the	identification	of	very	507	
fine-scale	 population	 genetic	 structure,	 and	 consequently	more	 ‘fixed	heritable	508	
differences’	 between	 populations.	 ‘Splitters’	 would	 presumably	 interpret	 this	509	
added	 genomic	 information	 as	 an	 increase	 in	 power	 of	 detecting	 incipient	510	
speciation,	whereas	‘lumpers’	would	presumably	interpret	these	as	‘type	1	error’	511	














above	 used	 a	methodology	 and	 dataset	 that	 enabled	 them	 to	 estimate	 genetic	525	
structure	that	was	representative	of	the	whole	genome.	As	we	can	see	from	the	526	









species	 delineations	 need	 to	 be	 relevant	 to	 the	 point	 at	 which	 populations	536	
have/have	not	become	reproductively	isolated	(which	is	not	necessarily	related	537	
to	genetic	 structure),	 in	order	 for	 them	 to	minimise	 the	 risk	of	 inbreeding	and	538	
outbreeding	depression	and	maximise	the	benefits	of	gene-flow.	These	arguments	539	
led	the	authors	to	recommend	that	only	substantial	reproductive	isolation	be	used	540	
to	define	 species	 (for	outbreeding	 sexual	organisms)	 in	 conservation.	Amato	&	541	
Russello	 (2014)	 commented	 on	 this	 paper,	 with	 their	 main	 critique	 being	 the	542	






authors	were	 therefore	 arguing	 that	 the	 BSC	 is	 be	 a	 better	 proxy	 for	 adaptive	549	
potential	than	the	PSC.	It	is	important	to	note	that	this	argument	is	predominantly	550	
based	 on	 the	 BSC	 being	 a	 better	 tool	 for	 recognising	 conservation	 units,	 and	551	







Adaptation	 to	 novel	 ecological	 opportunities	 is	 one	 of	 the	 main	 drivers	 of	559	
speciation	(Van	Belleghem	et	al.,	2017),	and	predicting	the	capacity	of	taxonomic	560	
groupings	 to	 respond	 to	 changing	 environments	 is	 therefore	 crucial	 to	 their	561	
conservation	(Eizaguirre	and	Baltazar-Soares,	2014).	The	Darwin’s	finch	example	562	
	 13	
above	 is	 a	 clear	 demonstration	 of	 the	 potential	 of	 hybridization	 to	 produce	 a	563	
population	 with	 unique	 adaptive	 potential.	 However,	 this	 hybridization	 and	564	
introgression	 may	 have	 a	 confounding	 influence	 on	 species	 delineations	565	
(particularly	 for	 the	 BSC),	 which	 is	 exacerbated	 when	 we	 also	 consider	 the	566	
adaptive	 advantage	 that	 introgressed	 genes	may	 bring.	 This	 process,	 adaptive	567	




Smith	and	Haigh,	2008).	 In	 addition,	 the	adaptive	potential	 of	 the	 introgressed	572	
material	may	vary	between	the	donor	and	recipient	populations,	depending	on	573	







the	 fact	 that	 gene-flow	 has	 now	 been	 re-established.	 This	 gene-flow	 would	581	
preclude	these	as	separate	species	under	the	BSC,	and	therefore	(unlike	with	the	582	












Genomics	 is	 starting	 to	 allow	 us	 to	 do	 this.	 For	 example,	 Zhou	 et	 al.,	 (2018)	595	
identified	evidence	of	selective	sweeps	in	a	number	of	genomic	regions	across	the	596	
porpoise	 genome	 using	 a	 method	 that	 looks	 for	 distinctive	 patterns	 of	 allele	597	










inaccurate.	 It	 should	 be	 noted	 however	 that	 tracking	 adaptive	 changes	 using	608	
genomics	is	challenging	for	many	traits,	especially	those	that	have	low	heritability	609	




will	 be	 detected	 in	 the	 analyses	 discussed	 above.	 Furthermore,	 demonstrating	613	
past	 selection	may	 not	 necessarily	 be	 associated	with	 contemporary	 or	 future	614	
adaptive	potential	of	a	genome/genomic	region,	given	that	selection	pressures	are	615	
dynamic.	 Finally,	 even	 if	 a	 genomic	 region	 can	 be	 identified	 as	 being	 under	616	




relating	 to	 adaptive	 potential)	 to	 some	 taxa	 than	 others.	 For	 example,	621	
reproductive	isolation	may	be	a	useful	criterion	in	the	case	of	Darwin’s	finches,	622	
since	 it	 aligns	 with	 the	 behavioural,	 morphological	 and	 ecological	 differences	623	
between	 populations.	 For	 organisms	 like	 sea	 squirts,	 genetic	 distance	 and	624	
differentiation	may	be	a	better	reflection	of	the	differences	that	have	accumulated	625	
over	 long	 periods	 of	 temporal	 and	 spatial	 isolation.	 The	 relationship	 between	626	
adaptive	 potential	 and	 species	 concept	 therefore	 seems	 to	 depend	 on	 the	 taxa	627	
being	investigated.	This	does	not	necessarily	mean	that	these	are	not	good	criteria,	628	
independently,	 for	 defining	 species.	 However,	 it	 certainly	 complicates	629	
conservation	 strategies	 that	 aim	 to	maximise	 evolutionary	potential,	 especially	630	




important	 to	 incorporate	 multiple	 lines	 of	 evidence	 into	 taxonomic	 decisions	635	
(which	 is	 increasingly	 being	 done;	 Schlick-Steiner	 et	 al.	 2010)	 however,	 this	636	






of	 selection	 to	 environmental	 factors,	 5.	 Reproductive	 compatibility	 can	 be	643	
observed	 as	 sex	 chromosome	 compatibility/incompatibility,	 chromosomal	644	
structure,	and	epigenomic	transmission.	In	lieu	of	a	definitive	conclusion	as	to	the	645	
most	appropriate	species	concept	to	be	used,	best	practice	would	be	to	investigate	646	
as	 many	 of	 the	 above	 lines	 of	 evidence	 as	 possible,	 and	 to	 apportion	 ones	647	
confidence	in	a	species	designation	based	on	the	combined	weight	of	all	of	them.	648	
Recently,	Kitchener	et	al	(2017)	introduced	the	concept	of	a	‘traffic	light’	system	649	






blight’	 due	 to	 taxonomic	 uncertainty	 can	 be	 detrimental	 to	 conservation,	 and	656	
renders	decisive	action	more	difficult.	However,	while	we	still	have	some	way	to	657	
go	before	genomic	 techniques	 reach	 their	 full	potential	 as	a	diagnostic	 tool	 for	658	
species	delineation,	 if	 the	ultimate	goal	of	 conservation	 is	 to	preserve	adaptive	659	
potential,	genomics	is	now	allowing	us	to	gain	a	better	understanding	of	this	in	660	
	 15	
wild	 populations.	 A	 pragmatic	 approach	 could	 be	 to	 use	 genomic	 tools	 to	661	
characterise	adaptive	potential	regardless	of	the	species	concept,	or	even	without	662	
invoking	a	species	concept	at	all.	However,	answering	the	question	of	whether	and	663	
to	 what	 extent	 such	 studies	 should	 focus	 on	 adaptive	 potential	 is	 a	 separate	664	
challenge.	665	
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